The psychosocial environment and especially various psychosocial risks in childhood have been shown to predict later negative health behavior and health problems. In this study, we examined whether various psychosocial factor domains in childhood and adolescence: socioeconomic status, the emotional family environment (parental nurturance, life-satisfaction), parental lifestyle, life-events, the child's self-regulatory behavior and the child's social adaptation were associated with body mass index (BMI) trajectories individually by domain and as a cumulative score across domains. The participants were a nationally representative sample of 2016 men and women from the Young Finns study aged 3-18 years at study entry in 1980. Their BMI was measured at six study phases from 1980 to 2012. Their parents reported all the factors related to their psychosocial environment in 1980. The participants responded to questions on adulthood socioeconomic status in 2007. The accumulation of psychosocial factors in childhood was the main exposure variable. The findings from repeated measures multilevel modeling showed that parental lifestyle and life-events and the more positive cumulative psychosocial factors score were associated with a slower increase in BMI during follow-up (regression coefficient range from −0.06 to −0.50). In conclusion, the psychosocial environment in childhood and adolescence, particularly parental lifestyle and lack of stressful life-events, are associated with a lower increase of BMI.
Introduction
It has been estimated that globally N2.1 billion people are overweight, and childhood obesity is becoming a particularly serious public health problem (Nishtar et al., 2014; Ogden et al., 2002) . Because obesity is an important cause of excess mortality and morbidity, especially due to cardiovascular disease (Flegal et al., 2005) , a rethinking of the causes, enablers, and barriers to maintain normal weight is needed.
Studies have shown that experiences of adverse childhood environments (such as abuse or traumatic events) are associated with later obesity (Danese & Tan, 2014; Mason et al., 2015) . Recently, however, it has been suggested that positive psychosocial factors may also be critical for promoting lifelong health and health behaviors (Boehm & Kubzansky, 2012; Chida & Steptoe, 2008) . Studies have demonstrated that multiple factors that are already present in childhood, such as emotionally healthy family relations, a safe and stable environment, and positive individual attributes (e.g., the capacity for self-regulation and optimism) are beneficial for later health and health behavior (Kubzansky et al., 2011; Appleton et al., 2013a; Moffitt et al., 2011) . Furthermore, cumulative exposures to such experiences are likely to have a more profound influence on child development than single exposures (Evans et al., 2013; Slopen et al., 2013a) , thus providing a more comprehensive picture of early factors leading to future health.
In this study, we examined whether mixed psychosocial factors in childhood (considering both positive factors and a lack of negative factors), across a wide spectrum of exposures, would predict healthier BMI developmental trajectories from childhood to adulthood and a reduced risk of excess BMI over the 32 years of the study. The psychosocial factors measured at study inception were the socioeconomic environment, the family emotional environment, family health behaviors, family stability, the child's self-regulative behavior and the child's social adaptation; these factors were chosen on the basis of previously-established associations with cardiac health outcomes (Kubzansky et al., 2011; Appleton et al., 2013a; Moffitt et al., 2011) , but they had not previously been examined in relation to trajectories of body fat over the life-course.
Participants and methods

Study design and sample
The Cardiovascular Risk in Young Finns Study is an on-going follow-up study of the risk factors for coronary heart disease among Finnish children, adolescents and young adults (Raitakari et al., 2008) . The first cross-sectional study was conducted in 1980, when age cohorts of 3, 6, 9, 12, 15, and 18 year-olds were randomly selected on the basis of social-security numbers, resulting in a total of 3596 participants (from an original sample of 4320). At baseline, the number (percentage) of participants in the various age groups, from the youngest to the oldest, was: 557 (16%), 583 (16.2%), 646 (18.0%), 651 (18.1%), 602 (16.7%) and 537 (14.9%) respectively. The measurement of BMI was performed in 1980 and repeated in follow-ups in 1983, 1986, 2001, 2007, and 2012. In the final study phase, the participants were 35 to 50 years of age. Age and sex were reported by the participants or their parents (the three youngest cohorts) in 1980. 2874 participants (1289 men and 1585 women) provided information on BMI from at least one follow-up assessment, and 2061 participants (1062 women) provided complete data on psychosocial factors. The reasons for the data loss are listed in Table 1 . The participants in the present study sample were more likely to be women (p b 0.001), have a lower BMI (p = 0.047), and higher education in adulthood (p b 0.001) than those who dropped out of the study at some earlier point, but no other differences were detected. The characteristics of the study sample are shown in Table 2 .
Written informed consent was obtained from participants who were at least 9 years old and from the parents of younger participants. The research plan and data collection procedures were accepted by the ethical review boards of five universities (Helsinki, Turku, Tampere, Kuopio and Oulu), and data collection was conducted according to WHO standards as well as the Helsinki Declaration.
Psychosocial factors in childhood
As in previous studies (Pulkki-Råback et al., 2015) , we examined six psychosocial factors: the socioeconomic environment, the emotional environment, parental health behaviors, stressful events, and the child's self-regulation and social adjustment. These factors were reported by the parents of the study participants using a paper-and-pencil questionnaire at the baseline examination in 1980. Cumulative scores have become common in research on childhood psychosocial factors (Evans et al., 2013) . Such models define binary risk factors (risk vs. no risk), which are then summed together. We built the six psychosocial factor domains from binary variables where 1 stands for favorable and 0 for a less than favorable level, as described below, and formed a total (cumulative) score by summing these six psychosocial factors. The six psychosocial factors were:
(1) The socioeconomic factors score, which consisted of four factors: upper white collar occupation (1 point), academic/college degree (1 point), family income in the highest 25% (1 point), and occupational stability as indicated by the absence of unemployment spells/retirement due to disability/long-term sick-leave (1 point). Summing the points together yielded a score from 0 (a less than favorable level in all components) to 4 (a favorable level in all components).
(2) The emotional family environment score, which consisted of four factors. The first was the absence of a self-reported, previously diagnosed, parental mental disorder (1 point). The second was high parental nurturance, measured using a 7-item scale (α = 0.70) (Katainen et al., 1997) . A reply of "very often" to all the items on the scale (Supplement Table S1 ) gave 1 point. The third component was high parental life satisfaction (α = 0.70), measured using a 3-item scale ( Supplement Table S1 ). A positive reply to all three items gave 1 point. Fourth, reasonable alcohol use was included because of evidence indicating that unhealthy drinking is harmful to emotional development (Johnson et al., 1999) . Parents reporting heavy drinking "never or at maximum three times per year" were classified as reasonable users (1 point). The range of the total emotional family environment scale was 0-4. (3) The health behaviors of the parents, which were assessed separately for the mother and the father. Body-mass index b 30.0 kg/me was used as a proxy of excess energy intake (0 = overweight, 1 = not overweight). Other health behaviors were non-smoker (1 point); regular physical activity (1 point for exercise at least once a week). Summing together parental health behaviors resulted in a scale range of 0-6.
(4) Lack of stressful events, which included events that have previously been associated with cardiac outcomes (Korkeila et al., 2010) . They were moving residence, change of school, parental divorce or separation, death of a family member, and serious disease in the family. The lack of each event produced one point. The scale range was 0-5 points, a higher score indicating less stressful events.
(5) The self-regulatory behavior of the participant, which consisted of two scales, one measuring high self-control and the other measuring high aggression control. The predictive validity of both scales has been previously established (Pulkki-Råback et al., 2005; Keltikangas-Järvinen et al., 2006) . The self-control scale consisted of one question (Supplemental Table 1 ) where children described by their parents as being very controlled "always or most of the time" received 1 point. Aggression control (α = 0.60) was measured with six items (Supplemental Table  1 ) each giving 1 point. The total score was formed by combining scores from self-control and aggression control (range 0-7).
(6) Social adjustment, which was reported by the primary caregiver responding to two items: "I am not particularly worried about my child's behavior" (1 point) and "My child is well-adjusted and copes well with life's challenges" (1 point). Thus, the scale range was from 0 to 2. Our previous work has shown that these questions predict outcomes theoretically related to social adjustment (Katainen et al., 1997; Pulkki-Raback et al., 2005) .
Psychosocial factors score (cumulative score)
Following a previous study using the same cohort (Pulkki-Råback et al., 2015) , the six psychosocial factors were converted into standard scores (z-scores) and then summed together to form the overall psychosocial factors score. The formula was: socioeconomic environment + emotional environment + parental health behaviors + lack of stressful events + high self-regulation + social adjustment.
Socioeconomic status in adulthood was examined because it potentially explains the link between childhood factors and adult BMI. Socioeconomic status in adulthood was determined by the education level reported by the participants in 2007 and classified as 1 = low (comprehensive school); 2 = intermediate (upper-secondary education): 3 = high (academic, graduated from or studying at a polytechnic or university).
Measurements of body mass index
The participants' body mass index was calculated as weight (kg)/ height (m 2 ). The participants were weighed in light clothing without shoes on a set of digital scales with an accuracy of 0.1 kg, whereas height was measured with a wall-mounted stadiometer accurate to 0.1 cm, as described in detail previously (Raitakari et al., 2008) . BMI was available for all age groups at all measurement points. Obesity (BMI N 30 kg/m 2 ) at the last three measurement points, when all the participants were adults, was used in the sensitivity analyses.
Statistical analyses
Linear regression analyses were used to examine the associations between the psychosocial factors score (as a continuous variable) and BMI. To further assess possible discontinuities or threshold effects, the psychosocial factors score was divided into tertiles based on the distribution of the sample.
Random-intercept and random-slope multilevel modeling (i.e., growth curve modeling) were used to examine the growth trajectories of BMI over time as a function of psychosocial factors in childhood. Age and its second-degree polynomial were used as randomly varying time variables, and the continuous psychosocial factors score was entered as the second-level variable predicting change (slope) of BMI across the six measurements. The analyses were conducted hierarchically so that in the first step all the psychosocial factor domains were tested separately (adjusted for age and sex), then simultaneously (adjusted for age and sex) and then simultaneously but additionally adjusted for education in adulthood. We then tested the association between the cumulative psychosocial factors score and the change in BMI adjusted for age and sex and then additionally adjusted for education in adulthood. There were no statistically significant interactions between sex and psychosocial factors in predicting BMI at any of the study phases (p-values = 0.056, 0.074, 0.285, 0.626, 0.576, 0.472), and thus the results are reported for men and women combined.
As additional analyses, we used imputation by chained equations to estimate the effect of non-randomly missing data on the associations. We imputed the missing childhood psychosocial factors and the covariates (but not the outcomes) and calculated the pooled estimates over 50 imputed datasets.
As sensitivity analyses, we tested whether the childhood psychosocial factors score was associated with obesity (BMI N 30 kg/m 2 ) at the last three measurement points, when all the participants were adults.
Results
Each standard deviation increase in the psychosocial factors score was associated with a lower BMI in 1980 BMI in , 1983 BMI in , 1986 BMI in , 2001 BMI in , 2007 BMI in and 2011 (standardized Betas = −0.04, −0.05, −0.08, −0.15, −0.18 and − 0.17, respectively; p-values = 0.030, 0.019, 0.001, b0.001, b0.001 and b0.001, respectively). Each tertile increase in the psychosocial factors score was associated with a lower BMI, thus suggesting an inverse dose-response association.
The growth-curve analyses showed that BMI increased by age in a curvilinear fashion (age 2 slope b = − 0.01, p b 0.001). The full model with all the predictors (age, sex, adulthood socioeconomic position, the psychosocial factors score, and the interaction term between age and the psychosocial factors score) showed that the rise in BMI over time was predicted by psychosocial factors in childhood (psychosocial factors * time-dependent slope of BMI b = −0.01, p b 0.001). This finding is described in Fig. 1 , which shows the rate of rise in BMI according to psychosocial factor tertiles. Each tertile increase in favorable psychosocial factors was associated with a slower rise in BMI over time. Table 3 shows that each increase of one standard deviation in the psychosocial factors score was associated with lower BMI when adjusting for age and sex (Table 3 ; b = −0.06, p = 0.005, R 2 = 0.06). When adulthood socioeconomic status was added, the association was still statistically significant (b = −0.06, p b 0.012) and the pseudo R 2 for the model was 0.31.
When examining the contributions of the six specific psychosocial factor domains, healthy parental lifestyles (b = −0.21, p b 0.001) and lack of stressful events (b = − 0.37, p b 0.001) were associated with lower BMI in separate models. When all the psychosocial factors were examined simultaneously, healthy parental lifestyles (b = − 0.20, p b 0.001) and lack of stressful events (b = −0.38, p b 0.001) remained independent predictors of BMI. These associations were also robust to adjustments for socioeconomic status in adulthood (b = − 0.22, p = 0.001; b = −0.50, p b 0.001) ( Table 3) .
The findings in the imputed data were similar in direction and magnitude to the findings in the observed data. Each standard deviation increase in the favorable psychosocial factors score was associated with a lower BMI in 1980 BMI in , 1983 BMI in , 1986 BMI in , 2001 BMI in , 2007 BMI in , and 2011 (standardized Betas = −0.03, −0.03, −0.03, −0.11, −0.13 and −0.12; p-values = 0.065, 0.103, 0.161, b 0.001, b0.001 and b0.001). Each increase of one standard deviation in the favorable psychosocial factors score was associated with a lower BMI when adjusting for age and sex (b = − 0.05, p = 0.001). The association was robust to adjustments for all the potential confounders or mediators (b = −0.03, p = 0.028). We also repeated the analyses separately for the three youngest and three oldest age cohorts and a similar, although non-significant, pattern in the associations was found (b = − 0.03 for younger and b = − 0.04 for older NS.). We also repeated the analyses using a sex-adjusted and age-specific standardized favorable psychosocial factors score and obtained similar results (b = −0.04, p = 0.031) to as with the group level z-score.
We additionally tested whether the childhood psychosocial factors score was associated with obesity (BMI N 30 kg/m 2 ) at the last three measurement points, when all the participants were adults. A higher favorable psychosocial factor score predicted a smaller risk of being obese in 2001 (OR 0.87, 95% CI 0.82-0.92) in 2007 (OR 0.89, 95% CI 0.84-0.94) and in 2011 (OR 0.89, 95% CI 0.85-0.94). All the models were adjusted for age and gender. The associations were all robust to adjustment for socioeconomic status in adulthood (ORs 0.87, 0.91, 0.90, respectively).
Discussion
Our results showed that health behaviors of parents, and lack of stressful life-events in childhood are associated with more optimal body mass development during a time-period from childhood to adulthood. Also the score that reflects the accumulation of the psychosocial factors in childhood was associated with body mass growth, although individual associations between factors, such emotional environment, self-regulatory behavior, and social adjustment showed no significant association. We use the term accumulation as a combination of protective factors at a single time point rather than buildup over time. Children from positive environments had an adult BMI (mean of the three latest study phases) within normal weight (24.9 kg/m 2 ), while as a group those with the least positive childhoods were clearly overweight as adults, with a mean BMI over the last three study phases of 26.3 kg/m 2 . Positive childhood factors were also associated with 10% less obesity in adulthood. Similar results showing associations correlations between a positive childhood psychosocial environment on and positive cardiovascular and mental health outcomes have been published (Pulkki-Råback et al., 2015; Appleton et al., 2013b) but not previously in relation to the longitudinal development of body weight. The current study expands previous knowledge, as there has been a paucity of longitudinal studies examining the contribution of childhood social determinants to long-term development of overweight and obesity (Slopen et al., 2013b) . Pediatricians and other health care professionals working with children and youth have been urged adopt a deeper understanding of the early life origins of health (Garner et al., 2012) , and the current findings expand this knowledge by suggesting that promoting positive early-life environments may be a useful step in obesity prevention.
The difference in BMI between the least and the most favorable groups was approximately 2.5 units, which is clinically relevant given that a difference 0.5 units is associated with an approximately 40% increased risk of type 2 diabetes, a 20% higher risk of heart failure and 10% elevation in the risk of coronary artery disease in middle-aged and elderly populations (Vazquez et al., 2007; Hägg et al., 2015) . Weight gain during adulthood is a multifactorial outcome, and it is a significant finding if childhood psychosocial factors are associated with significant changes in BMI over such a long time. Of the various childhood indicators examined in this study, the absence of stressful events, which indicates a psychologically safe and stable childhood environment, had the strongest association with optimal body weight. Pediatricians and other health care specialists could make interventions focused on multiple factors, as suggested by the Center for Disease Prevention and Control (CDC) recommendations (www.cdc.gov). These recommendations include not only efforts to enhance specific health behaviors but also the Fig. 1 . BMI growth curves for high, median and low accumulations of favorable psychosocial factors in childhood (n = 1164), adjusted for age and sex.
Table 3
Associations between the favorable childhood psychosocial factors score (last row) and body mass index (regression coefficients, standard errors, and p-values). Adjusted for age and sex (Models 1 and 2) and additionally for socioeconomic position in adulthood (Models 3 and 4) . The Cardiovascular Risk in Young Finns Study (n = 2061-1206) .
Predictors in the model
Model 1 promotion of other protective factors that help children and adolescents avoid multiple behaviors that place them at risk of adverse health and educational outcomes. These protective factors are individual or environmental characteristics, conditions, or behaviors (positive parenting, parental engagement, reducing inequality and socioeconomic instability threat) which reduce the effects of stressful life events. Our results offer further support for these recommendations. The associations between childhood psychosocial factors and increased BMI were only marginally affected by age or sex. These associations were only slightly weakened after adjusting for adult socioeconomic status indicated by education. This finding suggests that socioeconomic status may be one of the mediators linking childhood psychosocial factors and adulthood BMI, thus shedding light on the mechanisms by which early life experiences influence health across the life course. Higher education may exert its influence through better health-related knowledge (e.g., about nutrition), better social or financial resources, and greater motivation to engage in healthier eating habits and physical activity patterns, thus leading to a slower increase in BMI. When using the imputed data sets, the association between positive childhood factors and a lower BMI was not totally explained by education, and thus this effect may be smaller than estimated when using the complete case data. This finding suggests that some selective attrition has occurred related to BMI. The other results were replicated when using the imputed data.
The immediate psychosocial environment exploits biological, psychological, social and economic vulnerability, which may also promote overconsumption of unhealthy foods. Our findings suggest that the accumulation of positive experiences may be associated with better possibilities of maintaining a lower body weight throughout the life course. Improved socioeconomic status may be one pathway connecting positive childhood factors with a lower BMI in adulthood, but future studies should examine other potential mediators between early-life factors and future obesity, as well as potential windows of opportunity for intervening at different stages of the life-course. Our results show that family-related psychosocial factors, and especially the accumulation of such factors, may have long-term effects on weight.
Our results also offer some support to the health-in-all-policies principle, suggesting that influential interventions focus on multiple factors at multiple levels. Our findings are also in line with policy statements that point to childhood as a critical period in setting up trajectories that will influence health and healthy aging over the life course (Garner et al., 2012) . The existing evidence now suggests that factors influencing weight gain include genetic, individual, neighborhood, area and national-level factors and our results offer further evidence for the need for action in childhood and family-level settings. It seems reasonable to conclude that all childhood settings can contribute to the creation of healthy environments, improved diet and physical activity patterns, and healthy body size.
Strengths and limitations
The strengths of our multi-center study are its longitudinal study design from childhood to adulthood, the relatively large number of childhood factors measured prospectively in childhood (which eliminates the recall bias typically present in retrospective studies), and the precise measurement of weight by trained clinical personnel. The major limitation of our study is the considerable number of participants dropping out of the study; however, due to the multilevel design, we were also able to include participants with partially missing data, and analyses with the imputed data showed similar associations to those in the observed data. Our questionnaires on childhood psychosocial factors, while more comprehensive than most, were designed three decades ago for this specific study and are not widely used, which limits the possibility of comparing them with those of other studies. The cumulative psychosocial score was based on binary variables that are well-justified in some cases (e.g., diagnosis vs. no diagnosis) but have a less clear rationale in others. Cumulative binary scores have, however, the advantage of being parsimonious, they make no assumptions about the relative strengths of multiple risk factors or their collinearity, and they enable the testing of additive effects over a range of exposures (Evans et al., 2013) . It has been shown that these psychosocial factor domains only moderately accumulate, but, when they do, such an accumulation of positive factors may be particularly strongly associated with later health outcomes (Slopen et al., 2013b) . Finally, the sample was of European origin (Caucasian), thus representing a relatively homogenous population in a Western country. The results may not apply to ethnically or culturally different populations.
Because we were interested specifically in the accumulation of early life experiences, we did not include a wide range of potential later-life events or experiences in the analyses, and that is of course a limitation in our study. However, we did take into account education in adulthood as a measure of later socioeconomic status, which is a good marker of later psychosocial development, and this did not affect the associations significantly.
Conclusions
In this longitudinal analysis of a well-characterized, populationbased sample of apparently healthy adults, the health behaviors of parents and a lack of stressful life-events were associated with healthier BMI development over the lifespan, as well as a lower risk of obese BMI during adulthood. Positive early-life factors contribute to a healthy body weight, and this knowledge is essential for developing early life preventions and interventions aimed at reducing the obesity epidemic.
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